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1 Introduction
In RAN2 #105bis, aspects of resource pool acquisition and usage were discussed and the following agreement was made. 

Agreements on validity area mechanism to SL: 
1: 
NR SIB validity mechanism is reused to enable validity area for SL resource pool configured via broadcasted system information.

A related discussion that was started was the need for exceptional resource pools.  Given the need for more reliable communications in NR V2X, frequent usage of the exceptional resource pools (where the UE can only perform random selection) should be limited.  In this contribution, discuss the uses of the exceptional resource pools in LTE, and whether to apply them in NR.
In addition, an email discussion on resource pool configuration and selection was initiated following RAN2#105bis [4].  During this email, the need for selection of a resource pool based on QoS requirements was discussed.  We further discuss the merits of this approach for NR in this contribution.
2 Usage of Exceptional Resource Pools 
Exceptional resource pools in LTE V2X were initially introduced for certain cases (e.g. during physical layer problems) to ensure continuity of transmissions despite temporary inability of the UE to obtain its resources.  Its usage was then extended to consider cases where sensing results at the UE were not yet available.  The main issue related to usage of exceptional resource pools in NR is that it may lead to more frequent collisions when many UEs use the exceptional resource pools (since random selection is applied); this could be particularly problematic for meeting reliability requirements.  To reduce or eliminate the conditions where such unreliable communication take place, each scenario should be considered in more detail.  
Observation 1:
Due to the use of random selection in the exceptional resource pool, reducing the probability that a large number of UEs use these pools simultaneously is desirable for NR. 

UE in IDLE/INACTIVE

For a UE in IDLE/INACTIVE, the NR V2X UE can obtain the resource pool for mode 2 operation from a V2X specific SIB.  In NR, SIBs can broadcast or be provided on-demand.  On-demand SI was introduced in NR to reduce the broadcast overhead of system information by providing the information once the service in the cell was required by a UE. On-demand SI should be inherent for any SIB in NR, including NR V2X SIB.   

Proposal 1:
NR V2X SI can be provided on-demand.  It is a network decision whether the NR V2X SI is broadcast at a given time.  

In LTE V2X, a UE performing IDLE mode mobility needs to obtain the transmission resource pools of the new cell following reselection.  The UE uses random selection on the exceptional resource pools until the UE has monitored the pool for a sufficient time so that sensing results for this pool can be used (the monitoring period).  For NR, prolonged use of random selection on the exceptional resource pool may be unacceptable for some services; this could be exacerbated by the delay caused by SI request mechanism during reselection.
Extending SIB validity area mechanism to the NR V2X SIB (as agreed in RAN2 #105bis) will reduce the frequency with which a UE needs to acquire the TX resource pool of the reselected cell.  However, one limitation with the area-specific SIB mechanism in NR is that the area is common to all area-specific SIBs.  While this simplification was agreed in NR discussion, the V2X specific use case was never considered when this agreement was made.  To configure V2X SIB validity areas which minimize how often a UE needs to read the SIB during IDLE/INACTIVE mode reselection, this limitation can be relaxed.  Network planning of the areas based on expected V2X UE trajectories (e.g. along highways) can ensure that a UE rarely needs to acquire a new resource pool at reselection. 
Proposal 2:
The validity area of the V2X SIB can be different than other NR SIBs. 

Finally, in the less frequent cases where a UE reselects to a cell that is not part of the validity area, a fallback mechanism would need to be specified.  Specifically, the UE may read SIB1 of the target cell and determine that it does not have a valid stored V2X SIB associated with that area.  
Observation 2:
With the validity area concept extended to V2X, the IDLE/INACTIVE mode UE may still perform reselection to a cell for which 1) the UE does not have a valid version of the V2X SIB of the reselected cell and 2) sensing results are not available for the TX resource pool of the reselected cell.
In this case, the UE needs to acquire the new TX resource pool of the target cell and monitor the TX pool for sufficient time to perform sensing before it can perform mode 2 transmission.  Rather than interrupt transmission during the monitoring period, it would be preferable to re-use the LTE V2X mechanism of transmission on the exception resource pools.
Proposal 3:
During cell reselection to a cell outside of the current V2X validity area, the IDLE/INACTIVE UE uses the exceptional transmission pool of the reselected cell if sensing results on the transmission resource pool of the reselected cell are not available.
Mode 2 UE HO in CONNECTED

A UE in CONNECTED obtains its pool configuration via dedicated signalling.  It was agreed in the study item that during mobility, at least the exceptional resource pools and the reception resource pools of the target cell are provided in the handover command, but that further enhancements are to be studied [2].
At RAN2 #105bis, it was proposed to re-use the validity area concept for a UE in CONNECTED to allow it to re-use the same TX resource pool across cells during a HO.  Further inputs on such an approach were invited at RAN2 #106.  
One of the advantages of this approach is that it avoids the need for using the exceptional resource pool of the target cell if the UE performs a HO to a target cell in the same validity area. However, the same benefits can be achieved if the network coordinates the TX resource pool usage across a set of cells and the HO command provides the TX resource pools.  Providing the pool itself (rather than using the validity area mechnism) may increase signalling over the Xn interface.  However, it is conceptually closer to current UE behaviour in HO, where full configuration is provided in the HO command. 
Observation 3:
Applying the validity area concept to mode 2 TX resource pools in CONNECTED reduces the Xn signalling during HO at the expense of changing the LTE/NR model for target cell configuration signalling in HO.
For this reason, an enhancement to the SI agreements (and LTE V2X HO mechanism) whereby the TX resource pool of the target cell is also provided in the HO command may be preferable.  Similar to the IDLE/INACTIVE case, NW planning can ensure that a majority of HO’s performed by the UE are between cells which coordinate to use the same dedicated resource pool configuration for mode 2 UEs.   
Proposal 4:
The UE receives the transmission resource(s) pools, in addition to the exceptional resource pool and the reception resource pool(s), of the target cell during handover. 
As is the case for IDLE/INACTIVE, there may be cases where two cells may not be able to coordinate the mode 2 TX pool.   In this scenario, the UE would be provided a new resource pool where it does not have sensing results of the target cell.  Rather than interrupt UE transmissions in this scenario, use of the exceptional resource pools until sensing results become available would be preferable.     

Proposal 5:
During handover when configured with mode 2, the UE uses the exceptional resource pool of the target cell until sensing results for the transmission resource pool of the target cell become available.
Other Scenarios in CONNECTED

In addition to the above uses, exceptional resource pools in LTE were used to avoid interruption in sidelink transmission during the following exceptional cases:

· Case 1) Upon detection of physical layer problems (e.g. T310 and T311 are running) while configured in Mode 1: UEs experiencing radio link problems can use the configured exceptional pool to continue communication until the problems are resolved.

· Case 2) During a HO while configured with Mode 1: Exceptional resource pools of the target cell can be used until handover completion if the UE is configured to use NW scheduled resources in the handover command.
· Case 3) During re-establishment procedure: If the cell on which a UE initiates re-establishment configures the exceptional resource pools, the UE can use them duing the re-establishment procedure.
· Case 4) Reconfiguration: For the cases where the UE does not have sensing results for its transmit pool following a change in pool (e.g. the TX pool was changed due to reconfiguration), the UE could use the exceptional TX pools.

An alternative to the use of exceptional resource pool for case 2) was discussed in [3].  Specifically, a UE could be provided with preallocated SL resources from the target cell in the HO command.  This approach may eliminate the need for the exceptional pool during HO for a UE configured in mode 1 and a similar approach may also be applicable for case 3).  However, this would requires tight coordination of dynamic scheduling between gNBs.  In addition, the benefit of introducing such coordination should be properly studied by RAN2/RAN3, given that additional efforts in NR mobility enhancements (e.g. 0ms interruption time) may further reduce the probability and/or amount of time the UE uses the exceptional resource pools. 
For the case 1), an approach where the UE continues to use mode 1 resources during the exceptional case may result in unwanted interference.  Thus for this case, it seems that simply using the LTE mechanism with random selection on the exceptional pool is justified. Further enhancements may be considered for a UE operating simultaneously in mode 1 and mode 2 but not all UEs may support this feature and the LTE-based approach may be preferrable.  Case 4) should be a rare event (to some extent under network control), and thus should not require special new enhancements.
Therefore, at least cases 1) and 4) may be best suited to using LTE-like behaviour. 
Proposal 6:
A UE can use the exceptional resource pools in the following scenarios:

· Upon detection of physical layer problems while configured in Mode 1 only

· While sensing results are not available at a UE due to pool reconfiguration

FFS whether exceptional resource pools can be used during HO when a UE is configured with mode 1, or during re-establishment procedure.
3 Resource Pool Configuration for Mode 2 Operation
During the SI phase, RAN1 agreed that multiple resource pools can be (pre)configured to a UE in a specific carrier.  Whether these pools are separated between different services, different casts, or other was however not decided.

In LTE D2D, a UE could be configured with multiple resource pools to be used for different PPPPs.  This allowed the network to configure resources dedicated for high priority transmissions.  With the introduction of sensing in V2X,  priority-based pool configuration was no longer necessary because resource selection by the UE took priority information in the SCI into account.  A single pool for all priorities, which avoids resource fragmentation, was therefore decided for LTE V2X.
NR V2X latency requirements are more stringent than LTE V2X and may result in the need to revisit this decision.  Specifically, NR will need to support a minimum latency of 3ms for some use cases, while other use cases will still maintain the 100ms latency budget that was also required of LTE.  In addition, very high reliability requirements may not be feasible if such services are not operated in a pool of resources with low congestion.  
In addition, NR V2X has new requirements, such as data rate and minimum communication range, and support for these new requirements may motivate the need for separate pools. Specifically, introduction of very high reliability requirements may make the sharing of resources by UEs with different reliability requirements (based on sensing) unfeasible.
Observation 4:
Use of a common TX resource pool for all V2X traffic may make it difficult to meet the varying QoS requirements for NR.

In order to support different services with different QoS requirements, the network can configure multiple transmission pools  that are associated with different QoS requirements.     
Proposal 7:
A UE can be configured with different transmission resource pools associated with different QoS requirements.  
As with LTE D2D, high priority (or low latency) UEs in NR could be configured to use the resources of multiple pools.  If the resource pool associated with high priority transmission is congested, a UE could use the resources in the other pool (shared with lower priority/latency UEs).  However, in periods of congestion, the high priority UE should have priority within the pool associated with the lower-priority UE.  In the presence of multiple pools associated with different QoS requirements, pool selection mechanisms should ensure that QoS mechanisms are met, even during periods of congestion.  This aspect was not considered in LTE D2D due to the lower transmission rates and UE density assumed in D2D.  Techniques such as pre-emption of lower priority UEs during the congestion situation may be required.  On the other hand, a low priority UE could also detect congestion on a higher priority pool and abstain from transmission to its own pool in such situation.  
Proposal 8:
A UE selects a transmission resource pool based on QoS requirements and congestion. 
4 Conclusion

In this contribution the following observations were made on resource pool aspects for mode 2:
Observation 1:
Due to the use of random selection in the exceptional resource pool, reducing the probability that a large number of UEs use these pools simultaneously is desirable for NR. 

Observation 2:
With the validity area concept extended to V2X, the IDLE/INACTIVE mode UE may still perform reselection to a cell for which 1) the UE does not have a valid version of the V2X SIB of the reselected cell and 2) sensing results are not available for the TX resource pool of the reselected cell.

Observation 3:
Applying the validity area concept to mode 2 TX resource pools in CONNECTED reduces the Xn signalling during HO at the expense of changing the LTE/NR model for target cell configuration signalling in HO.
Observation 4:
Use of a common TX resource pool for all V2X traffic may make it difficult to meet the varying QoS requirements for NR.

Based on these observations, the following conclusions were made:

Proposal 1:
NR V2X SI can be provided on-demand.  It is a network decision whether the NR V2X SI is broadcast at a given time.  

Proposal 2:
The validity area of the V2X SIB can be different than other NR SIBs. 

Proposal 3:
During cell reselection to a cell outside of the current V2X validity area, the IDLE/INACTIVE UE uses the exceptional transmission pool of the reselected cell if sensing results on the transmission resource pool of the reselected cell are not available. 
Proposal 4:
The UE receives the transmission resource(s) pools, in addition to the exceptional resource pool and the reception resource pool(s), of the target cell during handover. 
Proposal 5:
During handover when configured with mode 2, the UE uses the exceptional resource pool of the target cell until sensing results for the transmission resource pool of the target cell become available.

Proposal 6:
A UE can use the exceptional resource pools in the following scenarios:

· Upon detection of physical layer problems while configured in Mode 1 only

· While sensing results are not available at a UE due to pool reconfiguration

FFS whether exceptional resource pools can be used during HO when a UE is configured with mode 1, or during re-establishment procedure.

Proposal 7:
A UE can be configured with different transmission resource pools associated with different QoS requirements.
Proposal 8:
A UE selects a transmission resource pool based on QoS requirements and congestion. 
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